Summary Thirty-four patients with progressive low grade non-Hodgkin's lymphoma were treated with 1 lg oral alfacalcidol daily. Complete response was seen in four patients and a partial response in four patients with an overall response rate of 24%. Median duration of response was 14 months. Disease stabilised in ten other patients (29%) and 16 patients (47%) had tumour progression. In the sub-group of patients with follicular, small-cleaved cell lymphoma the overall response to treatment was 29%. Apart from one patient who had a mild transitory elevation of serum calcium there was no recorded toxicity from alfacidol. These results indicate that alfacalcidol has significant antitumour activity in patients with low grade non-Hodgkin's lymphoma of the follicular, small-cleaved cell type.
The use of cytotoxic drugs in low grade non-Hodgkin's lymphoma is in general reserved for the treatment of symptomatic disease. This policy has evolved because although these tumours respond to chemotherapy, almost all patients relapse after achieving complete remission (Schein et al., 1975) probably because of residual disease in the bone marrow (Lee et al., 1987) . Clearly, new approaches to the management of this tumour are required. In this regard, we have previously reported a pilot study of ten patients with low grade nonHodgkin's lymphoma who were treated with oral alfacalcidol 1 fig daily (Cunningham et al., 1985) . Three of the ten patients experienced objective tumour regression and the toxicity related to alfacalcidol was minimal. We have now extended the study to include 36 patients and in this paper report the response and toxicity data. (Miller et al., 1981) . The study was approved by the Ethics Committee of Glasgow Royal Infirmary. All patients gave verbal informed consent for inclusion in the study.
Patients and methods

Thirty
Results
Data from 34 patients have been analysed. Two patients were excluded; one due to poor compliance with alfacalcidol, the other because rebiopsy of a lymph node taken prior to commencing alfacalcidol revealed transformation to diffuse large cell lymphoma. Four patients with follicular smallcleaved cell lymphoma achieved complete remission with response durations of 36, 14, 12 and 10 months respectively ( Figure 1 ). The response to therapy in these patients was attained between 6-8 weeks after starting treatment. Three of these patients had not received any chemotherapy in the past. One of these responding patients developed asymptomatic hypercalcaemia at 20 weeks; alfacalcidol was stopped and hypercalcaemia resolved over 6 weeks. This patient has remained in remission to date. Four patients with follicular small-cleaved cell lymphoma achieved a partial remission. On relapse with progressive disease, a response of 12, 14 and 16 months' duration was attained with alfacalcidol. The fourth patient was previously untreated and had a partial remission lasting 10 months. On relapse, he was given CHOP chemotherapy, but died from a rapidly progressive lymphoma. At autopsy, histology indicated transformation to a diffuse large cell lymphoma. The disease in ten further patients stabilised on alfacalcidol for a period of 4-24 months (median 9 months). Nine of these had follicular small-cleaved cell histologies and one small lymphocytic lymphoma. In each, on further progression of disease, alfacalcidol was stopped if it had not already been discontinued after 1 year of treatment, and appropriate chemotherapy given. In 16 patients there was no response to alfcalcidol. All of these patients required combination chemotherapy for progressive disease. Five of these patients have since died of progressive lymphoma. Three patients, who had previously responded to alfacalcidol and progressed after treatment was stopped, responded again to alfacalcidol in an identical way.
Apart from the patient who had a transitory elevation of serum calcium (2-8 mmol 1-') there were no side-effects recorded due to alfacalcidol.
Discussion
This study demonstrated that alfacalcidol has anti-tumour activity in a significant proportion of patients with follicular small-cleaved cell lymphoma, the most common histological sub-type of low grade non-Hodgkin's lymphoma. In this group, treatment with alfacalcidol resulted in tumour regression or disease stabilisation in over 50% of patients. Such therapy was delivered with minimal toxicity which is important because of the favourable natural history of this tumour V. RAINA et al. and because many of the patients are in the elderly age group Moreover, on relapse after successful treatment with alfacalcidol, all but one patient responded to chemotherapy, therefore, it appears that this therapeutic approach does not prejudice the subsequent response to chemotherapy. Hence, it could be argued that alfacalcidol should be used as a primary treatment for patients with low grade lymphoma. Delaying the introduction of chemotherapy may reduce the risk of acquired drug resistance in tumours which later progress in the low grade form and in tumours which transform to high grade lymphoma. Furthermore, the risk of long term secondary leukaemia is likely to be reduced if patients received initial treatment with alfacalcidol rather than alkylating agents which are known to be leukaemogenic.
Spontaneous regression is well recognised in low grade lymphomas, the generally accepted figure is of the order of 5%. However, these regressions are usually fluctuant and incomplete (Wiernik, 1976) and the median time to spontaneous regression is around 8 months (Horning & Rosenberg, 1984) . The response rate of 24% in our series is considerably higher and the median time to remission of 6-8 weeks, significantly faster than spontaneous regressions for patients with progressive lymphomas. Additionally, the responses were sustained for protracted periods of time and in some patients a second remission was induced on further alfacalcidol therapy. All of these factors strongly support our contention that the documented responses were not due to spontaneous regression. Horning and Rosenberg (1984) , have reported a spontaneous remission rate of 23%, but it must be emphasised that this group of patients was selected for quiescent disease (Horning & Rosenberg, 1984) . In our study, all patients had documented disease progression before beginning alfacalcidol.
The mechanism by which calcitriol (1,25 dihydroxyvitamin D3) is anti-proliferative in lymphoma remains uncertain. The calcitriol receptor, which has a molecular weight of 52-60 kd (Pike, 1985) is found in the nucleus of many mammalian cells (Haussler et al., 1985) and although the receptor cannot be found on resting B and T cells it is present on activated and malignant lymphocytes (Provvedini et al., 1983; Cunningham et al., 1985) . Recent work from Manolagas et al. (1987) suggests that calcitriol may have an important role in the regulation of oncogene driven growth. This hypothesis emerged from laboratory data showing that transfection of NIH3T3 cells (which were calcitriol receptor negative) with c-myc rapidly led to the expression of calcitriol receptors by these cells. Also, calcitriol has been shown to induce differentiation of a human lymphoma cell line (Dodd et al., 1983) and in a promyelocytic leukaemia cell line (HL-60); in the latter, differentiation was associated with reduced expression of cellular oncogene myc (Reitman et al., 1983) . It has also been shown that 1,25 (OH)2D3 inhibits the production of interleukin II by T-lymphocytes and that it can suppress proliferation of and production of immunoglobulins by normal B lymphocytes (Tsoukas et al., 1984; Lemire et al., 1984) . Moreover, there are other more rapid effects of calcitriol on cells, such as an increase in intracellular cGMP (Barsony & Marx, 1988) which may be receptor independent or related to another as yet unidentified cytoplasmic receptor. Calcitriol receptors are found on a variety of other human tumour cell lines including myeloma, colon cancer and breast cancer (Colston et al., 1982; Frampton et al., 1982) and has been shown to inhibit the growth of human melanoma (Colston et al., 1981) and breast cancer (Chouvet et al., 1986) cell lines and suppress the growth of human melanoma and colon cancer xenografts (Eisman et al., 1987) .
In this study, alfacalcidol induced tumour regression in follicular small-cleaved cell lymphoma at a dose level which was associated with few side-effects. However, the dose limiting toxicity of alfacalcidol is hypercalcaemia. With the emergence of new calcitrol analogues such as MC903, which are potent induces of cell differentiation and yet have at least 100 times less effect on calcium mineral metabolism (Binderup & Bram, 1988) than calcitriol the potential for this therapeutic strategy is considerable.
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